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Abstract: In this study, we first sought to elucidate foam rheology to describe foam flow behavior, and then to experimentally
investigate the pressure losses for both foam and foam-cuttings flow in a horizontal pipe by considering both varied foam qualities of
80%, 85% and 90% and foam velocities. Also, a two-layer numerical model to predict pressure loss was developed based on
experimental observations of cuttings behavior. Results show that the foam behaves like a power-law fluid. Furthermore, and the
pressure loss significantly increases as foam velocity increases, while the delivered cuttings concentration dramatically decreases.
Moreover, results indicate that both the pressure loss and the delivered cuttings concentration increase with foam quality.

Comparisons between the experimental results and numerical model predictions show satisfactory agreement.
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Introduction

Foam has been used in many applications in the
oil and gas industry, especially in underbalanced
drilling, where the pressure of drilling fluid is kept at a
value smaller than the formation pore pressure. Foam
has been proved to be a strong candidate as a drilling
fluid in underbalanced drilling because of its variable
density and good cuttings transport ability. Addi-
tionally, in many field cases, foam has been shown to
provide significant benefits, including reduction of
operational difficulties such as stuck pipe, loss of fluid
circulation, minimization of formation damage and an
increase in drilling rate"’.

Foam is defined as a large volume of gas dis-
persed in a small volume of liquid containing a
foaming agent (surfactant), where the continuous
phase is liquid and the discrete phase is gas. Foam is
classified according to its quality, which is defined as
gas volume ratio to the total volume of foam, and
foam is characterized into dry and wet foam according
to its texture, i.e., the bubble size and bubble size dis-
tribution. To achieve successful drilling operations
under underbalanced conditions, foam rheology, pre-
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ssure loss and cuttings transport behavior should be
fully understood to minimize the risks and costs asso-
ciated with foam drilling, especially in horizontal
foam drilling.

In literature, different studies of rheological foam
flow behavior have been reported in recent years to
model the rheological characterization of foam, but
there is disagreement among researchers to select the
best model for describing the foam flow behavior?),
This is mainly because of the complexity of foam and
the differences of analytical approaches and experi-
mental setups. Basically, two different approaches for
characterizing foam rheology have been reported: (1)
quality-based method and (2) volume equalized
method. In the quality-based approach, foam is treated
as a single phase fluid and it is characterized sepa-
rately for different foam qualities, while in the volume
equalized approach, foam normalizes the quality
values and it is characterized by using parameters
valid for all quality values'™.

Moreover, the determination of pressure loss has
also been found to be a very important aspect in hori-
zontal foam drilling”. Therefore, appropriate mea-
surement of pressure loss is one of the key features of
a successful underbalanced operation. Furthermore, a
better understanding of cuttings transport with foam is
important for accurate prediction of pressure losses



